Rafts of aligned, high aspect ratio TiO 2 nanotubes were fabricated by an electrochemical anodization method and their axial electrical conductivities were determined over the temperature range 225-400 °C. Length, outer diameter and wall thickness of the nanotubes were approximately 60-80 µm, 160 nm and 30 nm, respectively. Transmission electron microscopy studies confirmed that the TiO 2 nanotubes were initially amorphous, and became polycrystalline anatase after heat treatment at temperatures as low as 250 °C in air. The activation energy for conductivity over the temperature range 250 -350 °C was found to be 0.87 eV. The conductivity values are comparable to those of nanocrystalline and nanoporous anatase thin films reported in literature.
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INTRODUCTION
. Nanotubes of titania have also attracted attention owing to their potential for application in photovoltaic devices 9 .
In several of these technological applications, understanding the temperature dependent conductivity is critical for understanding device performance, as well as to extract fundamental information on conduction mechanisms and activation energy for carrier transport. 10 To the best of our knowledge, this paper presents the first electrical conductivity measurements of titania nanotubes.
EXPERIMENTAL
The fabrication procedure followed closely the method of Grimes and coworkers 10, 12 . A introduced during the anodization. Finally, the TiO 2 nanotubes were washed again with DI water and dried in an oven at 100 !C for a few hours.
Measurements of electrical conductivity through the film (i.e. along the axial direction of the nanotubes) were performed on pieces of flakes measuring about 1 mm x 1 mm. Devices were fabricated using silver electrodes on both sides and a stainless steel support plate. Electrodes were attached using pure silver enamel followed by a heat treatment at 70 ºC. The stainless steel plate bearing the device was then mounted on a custom designed microprobe electrochemical system. Electrical conductivity measurements were performed in the frequency range of 300
KHz -0.1 Hz using a sinusoidal voltage signal. Conductivity was estimated as conductance divided by electrode area, ignoring the hollowness of the tubes.
RESULTS AND DISCUSSION
In Figure 1 we present field emission scanning electron microscope (FESEM) images of However, we found that an anodization potential greater than 75 V caused dissolution of the surface of the Ti foil instead of the growth of titania nanotubes.
The mechanism of TiO 2 nanotubes formation in the NH 4 F solution has been discussed by Mor et al 12 . Oxide growth occurs due to the interaction of Ti with O 2-and hydroxyl ions and subsequent migration occurs due to an electric field gradient. Localized dissolution of the oxide due to the F -ions similar to a corrosion process leads to pitting followed by pore growth. The tube formation occurs due to a geometric electric field intensity enhancement inside the pore region leading to vertical tube growth. Mor et al. have summarized the factors leading to tube array formation by considering the competition between electrochemical etching versus chemical dissolution in a recent review. 11 The tubes self-organize into a hexagonal array during growth.
Indeed we observed a hexagonal array of pits left on the surface of the Ti foil after the growth and removal of the flake of TiO 2 nanotubes.
Transmission Electron Microscopy (TEM) studies showed that our TiO 2 nanotubes were originally amorphous. After they had been heated to 225 °C in air, held at these conditions for temperature stabilization and electrical conductivity measurements (~ 1hr), and cooled to
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March 21, 2009 p. 4 ambient temperature, they were observed to be partly crystalline by TEM. Samples heated to 250 °C in air, held at these conditions for temperature stabilization and electrical conductivity measurements, and cooled to ambient temperature appeared to be fully polycrystalline. Heating and cooling rates of the heat treatment were 1 °C/min. In Figure 2 
